A -study Design, B -Data collection, C -statistical analysis, D -Data interpretation, E -Manuscript Preparation, F -Literature search, G -funds collection Background. obesity developing in the early years is one of the most important risk factors for cardiovascular diseases. this contributes to the need for the earliest possible diagnosis of overweight in children. there is a noticeable underdiagnosis of obesity, most often in children between 5 and 12 years of age, as well as in adolescents. Objectives. the aim of the study was to estimate the correlation between anthropometric measurements that are most commonly used in the diagnosis of obesity. Material and methods. the study involved 150 children, during their rehabilitation and wellness stay at crr KrUs in szklarska Poreba in 2017. the entire group performed basic anthropometric measurements -height, body weight, waist circumference and thickness of the deltoid skin fold. Body composition analysis was performed using the tanita analyzer. Results. a statistically significant correlation between the studied parameters was assumed (p < 0.001). the parameter showing the highest level of correlation with other measured parameters was the BMi percentile, BMi value and cole index. among the parameters not based on growth and weight in the boys' group, the most important was the percentile of the waist circumference (r = 0.76), while in the girls' group, the content of adipose tissue (r = 0,74). Conclusions. the BMi and centile BMi results were the parameters of the highest value in the diagnosis and monitoring of excessive body weight in children. in addition, neither weight nor growth measurements should be used to determine the amount and location of adipose tissue. Key words: obesity, Body Mass index, body composition, pediatrics, anthropometry, waist circumference. 
Background the awareness of the problem of obesity among children and teenagers is gradually increasing. thanks to the widespread preventive activities and campaigns promoting a healthy lifestyle to the younger populations, numerous developed countries have succeeded in limiting the increase in the number of children with a confirmed diagnosis of obesity [1] . it has been observed that the percentage of younger populations with overweight is decreasing, which is also the case in Poland. according to data from the year 2010, 17.8% of Polish students suffered from overweight or obesity, whilst in the year 2014, only 14% [2] . Despite this positive trend, it should be noted that the average value of BMi between the years 1975 and 2016 gradually grew by 1 kg/m 2 in Middle eastern europe and that this rate was three times higher than among the world population [2] . the consequences of this dramatic rise may appear in the decades to come. it has been proven that obesity developing in early age bears a much higher risk of cardiovascular diseases than obesity developed in adulthood [3] . Moreover, children who are affected by obesity had reduced cognitive performance and presented changes in brain structures responsible for learning and memory compared to their non-obese peers [4] . this may obviously affect their school performance. considering these facts, there is a necessity for the earliest possible diagnosis of increased body mass among children and teenagers. this may have a positive impact on the quality of their life in its further stages. for the time being, however, figures show that underdiagnosis of obesity predominantly concerns children between the age of 5 and 12. this is also frequent with teenagers, but comparatively less common among adults [5] . in the diagnostics of abnormal body mass in pediatric patients, doctors tend to adapt BMi with the reference to the applicable centile grids or using the cole index, which is recommended by the iotf (international obesity task force). BMi cut-off values may differ between countries; in North america, obesity is diagnosed when BMi exceeds the 95 th centile, but in some european countries, the threshold is marked at the 97 th centile. even though calculating BMi requires two basic parameters (weight and height), which should be obtained during every preventive outpatient visit, underdiagnosis of obesity is frequent. Patel et al. proved that only 18% of children matching the diagnostic criteria had a documented diagnosis of obesity [6] . who defines obesity as "a medical condition in which excess body fat accumulation can impact health negatively". as the definition shows, BMi is a. Pawelak et al.
• assessment of anthropometric measurements in children an intermediary anthropometric index which does not convey any information about the accurate contents of fat tissue in the patient's body. additionally, more and more attention is drawn to the problem of abdominal obesity, which seems to be more strongly corelated with the risk of cardiovascular factors than general obesity [7] . epidemiological data shows that abdominal obesity may affect one out of ten children in Poland, and it is more common in boys, especially in older age groups, with eating habits and lack of physical activity being the most relevant risk factors [8] . in the assessment of abdominal obesity, the most frequently used parameters are wc (waist circumference) and whr (waist height ratio). another parameter associated with excess fat tissue is skinfold thickness, usually measured above the triceps muscle or in subscapular area. however, its accuracy may be biased by common errors made during measurement [9] . interestingly, wc was proved to have a stronger correlation with insulin resistance than BMi or skinfold thickness [10] . there has been a growing trend towards the use of body composition analyzers based on bioimpedance, which allows precise estimation of ffM (fat free mass) and fM (fat mass). this low-cost method was validated in tests comparing its accuracy to reference imaging techniques [11] . the ability to adapt so many parameters in diagnosing obesity may facilitate the diagnosis and minimize the frequency of underdiagnosis.
Objectives the purpose of this study was to test the correlation between anthropometric indicators predominantly applied in the diagnostics of obesity and body composition estimated by bioimpedance analysis (Bia).
Materials and methods

Study design and participants
the analysis of anthropometric parameters and body mass composition were a part of a rehabilitatory stay for children from rural areas held at the Granit hotel in szklarska Poreba (Poland). the research was carried out in July 2017. the camp was organized for children with upper respiratory tract disorders. Body mass composition analysis was carried out using the tanita device.
anthropometric measurements were the elements of a medical examination which was part of medical care during the rehabilitation treatment camp. therefore, the authors did not request permission from the bioethical committee.
Data sources/measurement
we measured parameters such as: body weight, height, thickness of skin folds over the triceps brachii muscle, waist circumference and body composition (content of adipose tissue, muscle tissue, water and bone mass). additionally, indicators such as BMi, whtr and cole index were calculated.
Statistical methods
Microsoft excel 2017 was used to prepare the database, while statistical analysis was performed using the statistica computer program (statsoft inc.). to evaluate the distribution curve, the shapiro-wilk test was used, while the correlation between the obtained parameters was estimated using the spearman's rank correlation test. in all analyzed parameters, the value of p < 0.05 was assumed to be the statistical significance level. there wasn't any missing data, and all planned measurements were performed.
Results
the analysis of normal distribution revealed that none of the analyzed variables had a normal distribution; therefore, non-parametric tests were used in statistical analysis. we included all obtained data in the further analysis. 
Participants and descriptive data
Main results
Analysis without grouping the mutual correlation between body mass, body weight percentile, BMi, BMi percentile, cole index, body fat mass, waist circumference percentile, skinfold thickness percentile and whtr index was, in all cases, statistically significant [spearman's rank correlation, p < 0.001].
Analysis of the examined parameters depending on gender
Due to the small number of children aged 7 and 8 years, an analysis was not conducted in these age-groups. the analysis was carried out in groups of children 9-15 years of age.
an analysis of correlation values between the examined parameters revealed that the parameter showing the highest level of correlation with other measured parameters was found in the group of girls BMi percentile, the BMi value and cole index. all these indicators analyze the body weight and height of the examined child. among the parameters, which are independent of these variables, the content of adipose tissue and whtr were the most useful. in the group of boys, the highest correlation value with other parameters was also shown by the BMi percentile, BMi and cole index values. from parameters independent of these variables, the highest value was showed by the waist circumference percentile (tables 2, 3) .
in the group of children aged 9-12 and 14 years, the most useful parameters were: BMi, BMi percentile and cole index. in the group of children 13 years of age, the body mass percentile along with the above-mentioned parameters were most helpful. in the age group of 15 years, BMi and BMi percentile did not show a sufficient correlation with other parameters, whereas the body mass percentile and cole index were characterized by a high level of correlation with other parameters. from the group of the remaining elements -not based on body mass and height -the percentile of waist circumference was characterized by the highest level of correlation with other parameters (table 4) 
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1 No correlation with parameters: adipose tissue mass, percentile of skin fold thickness over the triceps brachii muscle, whtr; 2 correlation with body mass, body mass percentile and cole index; 3 no correlation with the percentile of skin fold thickness over the triceps brachii muscle; 4 correlation with adipose tissue mass, waist circumference percentile and whtr.
Discussion
Key results
Based on the results obtained, it can be concluded that the BMi and BMi centile measurement had the highest correlation with other anthropometric measurements. among the tested parameters not based directly on the value of body mass and growth, the waist circumference centile turned out to be the most useful. adipose tissue content showed a positive correlation with overweight and obesity. Differences in the usefulness of this test depending on gender may be connected with a. Pawelak et al.
• assessment of anthropometric measurements in children with differences between individual results up to 5% [23] . the ratio of subcutaneous adipose tissue to total adipose tissue in the organism is not a constant value and may vary within the population. additionally, the amount of subcutaneous adipose tissue may remain within the standard in persons with mild undernutrition [13] .
Interpretation
it was proven that BMi has a high correlation with respect to parameters such as whtr, waist circumference and skin fold, which was also confirmed by this research [8, 24] . however, for many, the degree of correlation is insufficiently high, which is why the use of BMi in clinical practice, in spite of its simplicity of measurement and calculation, is a disputable issue [25, 26] .
Generalization
Many studies confirm that increased BMi for a given age is connected with a higher risk of cardiovascular disease. in addition, in nearly half of children with BMi above centile 97, at least one disorder occurs which is a part of the metabolic syndrome [8, 27] . in children, apart from the content of adipose tissue itself, its distribution in the organism is essential. in the case of the identical total content of adipose tissue in the tested children, its location will have an effect on the risk of cardiovascular diseases [28, 29] .
Conclusions
in summary, it can be concluded that none of the discussed tests fulfils all the criteria for an ideal diagnostic test for obesity in children and predilection for the occurrence of metabolic syndrome and cardiovascular incidents in adulthood.
the parameters showing the highest value in the monitoring of children's body mass (which correlates in the highest degree with all other measured parameters) in almost all studied groups are: BMi value, BMi percentile and cole index -all based on height and body mass.
among the factors which are not based on body height and weight, the most useful indicator in the group of boys seems to be percentile of waist circumference, while among girls -the content of adipose tissue. a higher content of muscle tissue in boys and the distribution of adipose tissue characteristic for the given gender [12] . the measurement of skin fold thickness belongs to the group of inexpensive, easily accessible and non-invasive methods of testing body composition [13] . according to spanish researchers, skin fold thickness is also an appropriate indication of adipose tissue distribution in children and teenagers and has a positive correlation with general cardiovascular risk [14] .
Limitations of the study the largest disadvantage of using only the BMi measure is the inability to distinguish adipose tissue mass from lean mass [15] . for this reason, the BMi standards commonly used in adults should not be used to diagnose overweight and obesity in children. therefore, the use of growth charts appropriate for gender and age is recommended, in which limit points are positioned, depending on the source, on centile 85 and 95 or 90 and 97, for overweight and obesity, respectively [16, 17] .
in other analyses, the usefulness of waist circumference centile in pediatric offices was noted, which is supported by the simplicity of performance, evaluation and high effectiveness in prevention of excessive body weight. the test restrictions were underweight and overweight limits, common for a diverse testing group with respect to nationality [18] . the high sensitivity and specificity of this test was shown both in determination of adipose tissue content and predispositions to future occurrence of diseases of civilizations [19] . the changes taking place in the course of growth and puberty have a minor effect on this result [20] . other authors, apart from the undeniable advantages of bioimpedance, such as simplicity of performance and price of the test, indicate frequent underestimation of measurements performed using this method. furthermore, the measurement error for adipose tissue is proportional to BMi and waist circumference [21] . fluctuations in the quantity of water in the organism depending on age were seen, especially among younger age groups. this may have an effect on the measurement error in the evaluation of adipose tissue content [22] .
Unfortunately, measurement of skin fold thickness did not turn out to be the most precise in this study, and the reasons for such results can be due to both inaccuracy and the limited experience of the research persons, as well as in limitations of this method resulting from adipose tissue distribution. according to the authors of studies of anthropometric measurements, an experienced researcher can achieve repeatability of results
